Abstract. In WSNs, sensor nodes which are capable of sensing, computing and communication are randomly deployed in inaccessible terrains or disaster relief operations. Since their power sources are either battery or non-rechargeable, they have to rely on the limited supply of energy. In order to operate for a given mission time as long as possible, a more effective use of energy is the major challenge. In this paper, we proposed an energy efficient clustering (EEC) to prolong the network lifetime in WSNs. We considered the distribution of sensor nodes and then divided the network field into several regions using a hierarchical strip in order to elect cluster headers. The simulation results illustrate that our proposal achieves a longer network lifetime via an effective energy consumption.
Introduction
Wireless sensor networks (WSNs) are composed of a large number of sensor nodes which are capable of sensing, computing and communication. Sensor nodes are randomly deployed in inaccessible terrains or disaster relief operations. They have to rely on the limited supply of energy since their power sources are either battery or non-rechargeable. Simultaneously, they must at least operate for a given mission time or as long as possible [1] [2] [3] . Hence, a more effective use of energy is the major challenge, and an energy efficient way in WSNs is necessary. Low Energy Adaptive Clustering Hierarchy (LEACH) [4] is one of energy efficient algorithms in WSNs. In LEACH, because being decided by a probability, cluster headers can be concentrated at some regions in the network field. This means that non-header nodes which are located far away from cluster headers need more energy for sending data. The goal of our study is to perform an energy efficient clustering to prolong the network lifetime. We consider the distribution of sensor nodes and divide the network field into several regions by using a hierarchical strip. In each region, we elect a cluster header. By this it is possible to balance the regional distribution of cluster headers. We used the OMNeT++ simulator for evaluating performance. Simulation measurements are used to verify our proposal.
Related Work

LEACH
Low Energy Adaptive Clustering Hierarchy (LEACH) [4] is one of cluster-based energy efficient algorithms in WSNs. In an advertisement phase, each node chooses a random number between 0 and 1 and compares with threshold T (n). If this random number is less than the threshold, it becomes a cluster header for the current round. The threshold value is calculated by (1) To calculate the threshold, a desired percentage of cluster headers (P), the current round (r), and the set of sensor nodes that have not been cluster headers in the last 1/p rounds (G) are used. After receiving the advertisement messages from all the cluster headers, each non-header node determines its own cluster based on the received signal strength measurements and transmits this information that it will be a member of the cluster to its cluster headers in cluster set-up phase. After clustering, each cluster header broadcasts TDMA schedules for providing the order of transmission. Each non-header node sends its data to the cluster header by the allocated TDMA slot. When all data have been received, the cluster header performs data processing such as data fusion and aggregation, and transmits to the sink.
Hierarchical Strip Tree
Ballard [5] strip tree uses rectangular strips of arbitrary orientation for a hierarchical representation for curves in fields such as geography and computer-aided circuit design. The vector-based strip tree algorithm that were modified from Ballard are designed [6] [7] [8] in geographic information systems (GIS) environment.
Proposed Algorithm
Network field division phase
The aim of this phase is to divide the network field by using hierarchical strip. The number of divisions is decided in accordance with the deployment density of sensor nodes and the number of alive nodes. In each region, we allocate the local sequence numbers for sensor nodes based on distance from a sink. Each node can know the distance to other nodes, and thereby control its own transmission power.
Cluster set-up phase
In this phase, we describe the election method of cluster headers. In each region, we use the number of rounds r mod N (N is the number of sensor nodes in each region) in order to elect a cluster header according to the local sequence number. In each region, the elected cluster header and others construct their cluster.
Data transmission phase
Each cluster header creates a schedule for sensor nodes within each region based on time-division multiple access (TDMA) to gather data, and sensor nodes transmit the gathered data to the cluster header during their allocated time. The cluster header the composite signal is transmitted to a sink. After a round is completed, Cluster set-up and Data transmission phases repeat per round. When there is a fault node, the cluster header sends this fault information to the sink, and then the network field division phase is performed.
Simulation
In this section, we evaluate the performance of our proposed an energy efficient clustering (EEC) using OMNeT++ simulation tools. All simulations are run in the same network size (100m x 100m), and the number of sensor nodes increases from 50 up to 200 (cluster headers is with around 5% of sensor nodes). In three different scenarios according to the location of the sink, we measured the network lifetime in terms of the round when the first sensor node fails: (50, 200), (50, 300), and (50, 400). Our assumptions about simulation environment as follows: a sink is located far away from sensor nodes and fixed. Sensor nodes are randomly distributed in the network field, and the location of them is fixed. All sensor nodes are homogeneous and know their exact geographic location. They can send data to the sink and adjust their transmission range. Each node has same initial energy, and an energy is restricted. The energy of sensor nodes cannot be recharged. Table 1 shows the parameters used for evaluating the performance in our simulation. We applied the same radio model used in LEACH for transmitting and receiving a message. In Table 2 , E TX (k, d) is energy consumption for transmitting a k-bit message and a distance d, and E RX (k) is the formula to compute energy consumption for receiving a k-bit message. In case of the E TX (k, d), the distance d assumes d 2 energy loss caused by channel transmission. Table 2 . Radio model
Radio model Formulas
Transmitting
Simulation results
When the number of sensor nodes is different, Table 3 shows the network lifetime, according to the location of the sink. Our EEC shows better performance in terms of the network lifetime. In LEACH, since cluster headers can be concentrated in some regions in the network field, non-header nodes spend more energy for sending data to the cluster header. However, in our proposal, since a cluster header is elected in each divided region, it is possible to achieve balanced regional distribution among cluster headers. We measured an average residual energy until the first sensor node fails. As shown in Table 4 , there are no significant differences between the two algorithms. This means a balance of energy consumption in comparison with the results of the measurement for the network lifetime in Table 3 .
Conclusion
An effective use of energy is the major challenge in WSNs. In this paper, we proposed an energy efficient clustering to prolong the network lifetime in WSNs. We considered the distribution of sensor nodes and then divided the network field into several regions using a hierarchical strip. In each region, we elected one cluster header for each round in accordance with the allocated local sequence numbers. Thereby it was possible to achieve the balanced regional distribution among cluster headers. In the simulation, we measured the network lifetime and an average residual energy when the first sensor node fails. The simulation results illustrated that our proposal achieves a longer network lifetime via more effective energy consumption than LEACH.
